Aims-To identify the NOV protein detected by immunofluorescence in the nucleus of human cancer cell lines to establish whether targeting to the nucleus reflects dual paracrine and intracrine biological functions of NOV, as has been reported previously for several signalling peptides and proteins. Methods-Nuclear and cytoplasmic fractions were prepared from 143 and HeLa cells in which nuclear NOV protein was detected. Western blotting analysis of NOV proteins in both types of fractions was performed using two NOV specific antibodies. Confocal microcoscopy was used to visualise the nuclear NOV protein in HeLa and 143 cells. A yeast two hybrid screening system was used to isolate cDNAs encoding proteins able to interact with the human NOV protein.
The nov proto-oncogene (accession number X59284 ) was originally isolated as an integration site for the myeloblastosis associated virus type 1 (MAV-1 N) in avian nephroblastomas, 1 which constitute a unique model of the human Wilms's tumour. 2 3 Expression of nov is increased in all chicken nephroblastomas 3 and is also altered in all human Wilms's tumours. 4 Recent results have established that novH expression is associated with diVerentiation during chondrogenesis (M Laurent et al, unpublished, 1999) , muscular diVerentiation (Y Chérel et al, unpublished, 1999; C Martinerie et al, unpublished, 1999), and central nervous system development. 5 Because nov expression is inhibitory to fibroblastic cell growth 1 and is associated with cell quiescence, 6 we have postulated that nov is involved in negative regulation of cell growth. 3 The novH gene was reported previously to encode a secreted 48 kDa protein, which is highly conserved throughout evolution. [7] [8] [9] Sequence analysis of the NOV protein revealed that it shares extensive homology with two positive regulators of cell growth (CTGF/ FISP12 and CYR61/CEF10) reported to act cooperatively with growth factors. [10] [11] [12] [13] NOV and these proteins were shown to contain 38 conserved cystein residues and four putative structural motifs, the biological function of which remains to be established.
The presence of an insulin-like growth factor (IGF) binding protein (IGFBP)-like motif at the C-terminus of NOVH, and the extensive homology of NOV, CTGF, CYR61, and IGFBP3 at their 5' termini suggested that NOV might be acting in the IGF signalling pathway. In agreement with this hypothesis, it has been reported recently that CTGF binds IGF-I and IGF-II with low aYnities. 14 Although our preliminary results indicated that IGFs did not bind to recombinant NOV protein secreted by baculovirus infected SF9 cells, 15 NOV and IGFBPs might share common signalling activities through IGF independent pathways, as reviewed recently for IGFBP3. 16 17 In the course of immunochemical studies aimed at establishing the location of the NOVH protein in normal and tumour tissues, we noticed a positive signal in the nucleus of various cell lines. This observation prompted us to determine whether, as already reported for several other signalling proteins, the NOVH protein is transported to the nuclear compartment and potentially participates more directly in the regulation of gene expression.
Materials and methods

CELLS
Human epitheloid carcinoma HeLa cells and human osteosarcoma TK − 143 cells were obtained from the American type culture collection (ATCC) and maintained in Dulbecco's Eagle's modified medium supplemented with 5% fetal calf serum.
CELL FRACTIONATION
HeLa and 143 cells grown to confluence in 150 cm 2 culture flasks were rinsed twice with 100 ml of cold phosphate buVered saline (PBS) and scraped in 50 ml of cold PBS. All subsequent steps were performed at 4°C. The cells were collected by centrifugation at 5000 ×g for five minutes and rinsed once with cold PBS. Each cell pellet was resuspended in 500 µl of buVer A (10 mM Hepes (pH 7.4), 1.5 mM MgCl 2 , 10 mM NaCl, 1 mM phenylmethylsulphonyl fluoride (PMSF), 0.1 mM N--p-tosyl-L-lysine chloromethyl ketone (TLCK), and 0.1 mM N-tosyl-Lphenylalanine chloromethyl ketone (TPCK)). The cells were lysed by the addition of Nonidet P-40 (Sigma, St Louis, Missouri, USA) to a final concentration of 0.1% and gentle mixing (five or six strokes with a P1000 pipette tip). The nuclei were pelleted at 4°C by a two minute centrifugation at 12 000 ×g in an EpendorV microcentrifuge, and the cytoplasmic fraction (supernatant fluid) was carefully pipetted out and transferred to a new tube. The cytoplasmic fractions were centrifuged once more to eliminate remaining debris. The nuclear pellet was washed once with buVer A, collected by centrifugation, resuspended in 600 µl of buVer C (10 mM Hepes (pH 7.4), 1.5 mM MgCl 2 , 420 mM NaCl, 1 mM PMSF, 0.1 mM TLCK, and 0.1 mM TPCK), and sonicated three times for 30 seconds at 20 kcycles/sec. The remaining debris was eliminated by centrifugation at 12 000 ×g for two minutes and the nuclear fraction (supernatant) was collected.
PRODUCTION AND PURIFICATION OF GST-CtNOV
PROTEIN
A glutathione S transferase (GST)-CterNOV fusion protein (GST-CtNOV) was produced to generate another polyclonal antibody specific to the C-terminal end of the NOV protein.
A 69 CtNOV double stranded oligonucleotide encoding the C-terminal end of the NOV protein (KNNEAFLQELELKTTRGKM) was synthesised with an EcoRI and a Sal I site at the 5' and 3' end, respectively, to allow cloning in phase with GST in the Pharmacia pGEX-4T-2 vector (gift of Dr B He). Exponentially growing Escherichia coli BL21 cells (optical density of 0.6 at 600 nm in 2× YT medium) transformed with the GST-CterNOV plasmid were induced with 0.1 M isopropyl--D-thiogalactopyranoside (IPTG) for 90 minutes at 37°C. The harvested cells were lysed by sonication in PBS containing protease inhibitors (0.3 mM PMSF, 2 mM benzamidine) and 0.1% 2-mercaptoethanol. After addition of Triton X100 to a final concentration of 1%, the cell debris was clarified by centrifugation at 5800 ×g in a SS34 Sorvall rotor for 20 minutes at 4°C. The GST fusion protein contained in the supernatant was adsorbed to glutathioneagarose beads (Sigma) by mixing for one hour at 4°C. It was then washed several times with PBS containing protease inhibitors, 0.5% nonfat milk, and 0.5 mM ATP and was eluted with 10 mM reduced glutathione (Sigma). The eluted protein was quantified with a Bio Rad protein assay kit (Bio Rad, Hercules, California, USA), bovine serum albumin (BSA) was used as a protein standard.
ANTIBODIES
The K19 polyclonal rabbit antibodies to the NOV C-terminus have been described previously. 15 The biotinylated goat antirabbit antibodies were purchased from Sigma.
A total of 11 mg of recombinant GSTCtNOV fusion protein was used for rabbit polyclonal antibody production according to standard protocols (Josman Laboratories, Napa, California, USA). The anti-GSTCtNOV antibodies recognise both the recombinant and native NOV protein as established by western blotting and competition assays (see results).
POLYACRYLAMIDE GEL ELECTROPHORESIS AND
IMMUNOBLOTTING
Cytoplasmic and nuclear protein samples obtained from HeLa and 143 cells were separated by electrophoresis at 42 mA for three hours at room temperature in 12% polyacrylamide gels containing 0.1% sodium dodecyl sulphate (SDS) as described previously. 18 The separation gel was prepared by mixing the following: 5.0 ml 3.0 M Tris/HCl (pH 8.5), 16.9 ml of a solution containing 280 g/l acrylamide and 7.34 g/l of bisacrylamide, 7.1 ml distilled water, 10 ml 0.14% ammonium persulphate, 0.4 ml 10% SDS, and 12 µl of N,N,N',N'-tetramethylethylenediamine (TEMED). The stacking gel was prepared by mixing the following: 3.0 ml 0.8% SDS in 1 M Tris/HCl (pH 7.0), 3.5 ml of a solution containing 280 g/l acrylamide and 7.34 g/l of bisacrylamide, 5.5 ml distilled water, 12 ml 0.14% ammonium persulphate, and 8 µl TEMED. Gels were run for 150 minutes at 42 A (Power supply: E-C Apparatus Corporation Holbrook, New York, USA) in a buVer containing 3 g/l Tris base, 14.4 g/l glycine, and 4 g/l SDS. The proteins were transferred on to a nitrocellulose membrane overnight at 9 V (50 mA) in a Bio Rad transfer apparatus by immersing the plates in 4 l transfer buVer containing 6.14 g Tris/HCl, 7.4 g Tris base, 57.7 g glycine, 800 ml methanol, and 3200 ml distilled water. The position of the molecular weight markers on the membrane was visualised by staining in a 1% acetic acid solution containing 0.1% Ponceau red (Sigma) for five minutes. Non-specific binding was blocked by incubating the membrane for one hour in PBS containing 5% (wt/vol) non-fat milk before a one hour incubation at room temperature in the presence of the K19 antibody (1/500 dilution). The blots were washed once in PBS containing 5% non-fat milk for 15 minutes and four times for 10 minutes in PBS; they were then incubated for one hour at room temperature in a 1/3000 dilution of goat antirabbit IgG-alkaline phosphatase conjugate (Bio Rad). The blots were washed as described above and developed according to the protocols supplied in the Bio Rad Laboratories kit.
IMMUNOFLUORESCENCE
Appproximately 5 × 10 4 HeLa or 143 cells were seeded into wells on glass slides (Cell-line Inc, Newfield, New Jersey, USA) and incubated for 24 hours at 37°C. The cells were then fixed in PBS containing 3.5% paraformaldehyde, washed three times in TBS (30 mM Tris/HCl (pH 7.5), 150 mM NaCl), and incubated in TBS containing 20% human serum and 1% BSA to avoid non-specific binding. The treated cells were then incubated in the presence of K19 antibody (diluted 1/250 in TBS containing 10% human serum) for two hours at room temperature and washed three times, with agitation, in TBS containing 10% human serum. The slides were then reacted with the secondary antibodies for one hour at room temperature. For K19 detection, slides were incubated with a 1/200 dilution of biotinylated goat antirabbit antibodies. Slides were then washed three times for five minutes each in PBS containing 10% human serum and once in bicarbonate buVer (20 mM sodium
Figure 1 Detection of nuclear NOV proteins by indirect immunoflurescence. Confocal digital images of representative HeLa and 143 cells reacted with antibodies to the NOV protein. 143 cells (A), and HeLa cells (B) were reacted with anti-NOV antibody (K19), followed by biotinylated goat antirabbit antibodies and Texas red conjugated avidin. (C) 143 cells incubated with anti-NOV in the absence of secondary antibody and (D) HeLa cells reacted with anti-NOV antibody in the presence of competitor recombinant GST-CtNOV protein (30 µg).
bicarbonate, 200 mM NaCl, in Hepes (pH 8.5)) for five minutes. After a one hour incubation in the presence of a 1/1000 dilution of Texas red conjugated avidin (Molecular Probes, Eugene, Oregon, USA), and three further rinses in PBS, the slides were mounted with a drop of 95% glycerol in PBS. The slides were examined under a LSM410 Zeiss confocal microscope. Images (Texas red fluorescence) were acquired by means of a 590 nm long pass filter.
YEAST TWO HYBRID SYSTEM A yeast two hybrid screening system was used to isolate cDNAs encoding proteins able to interact with the human NOV protein. A DNA fragment encoding nov codons 29 to 357 was amplified by the polymerase chain reaction (PCR) and inserted into pGBT9 (Clontech, Palo Alto, California, USA) in frame with the DNA binding domain of Gal4. The resulting plasmid (pNOV) was used as a "bait" to screen three cDNA libraries (an Epstein-Barr virus (EBV) transformed human peripheral blood lymphocyte library (gift of Aviron Inc, Mountain View, California, USA), a HeLa cell library, and a normal human brain library from Clontech, all provided by Dr B Roizman), which were fused to the Gal 4 transcriptional activation domain in pGADGH. The pGBT9 bait and pGADGH plasmids were introduced sequentially into yeast strains HF7c or Y190 (provided by Dr B Roizman). Double transformants were selected on SD medium (Clontech) lacking tryptophan, leucine, and histidine, but containing 5 mM (for HF7c strain) or 25 mM (for Y190 strain) 3-amino-1,2,4-triazole (3AT). After incubation at 30°C, positive colonies were restreaked on the same media and then tested for -galactosidase activity by filter assay (under conditions recommended by Clontech). Blue colonies were grown in SD medium (Clontech) lacking leucine. Library plasmids were isolated and electroporated into E coli HB 101 using a Bio Rad Gene Pulser II, (capacitance 25, 1.80 kV, 200 , with a constant time in the range of 3.0-3.2). Bacterial transformants were selected on M9 minimal medium containing 50 µg/ml ampicillin, 40 µg/ml proline, 1 mM thiamine, 0.4 % glucose, and a mixture of amino acids lacking leucine. The purified plasmids were co-transformed with pGBT9 or pLAM5' encoding a human lamin (Clontech) into HF7c cells as controls to eliminate false positives. The pNOV bait plasmid co-transfected with the pGADGH plasmid alone was also negative for -galactosidase activity.
The nucleotide sequences of the cDNAs encoding proteins able to interact with the NOV protein in the two hybrid system were established with the T7 sequenase v2.0 kit from Amersham Life Sciences (Cleveland, Ohio, USA). Sequence homologies were searched with BLAST (National Center for Biotechnology Information).
Results
A NUCLEAR NOV PROTEIN IS DETECTED IN THE NUCLEUS OF HeLa AND 143 CELLS
To determine whether the NOV protein could be detected in the nucleus of subconfluent cells, fixed 143 and HeLa cells were exposed to the anti-NOV K19 rabbit antibody and then to biotinylated goat antirabbit immunoglobulin, followed by avidin bound to Texas red. In parallel experiments, cells treated with the anti-NOV K19 antibody were incubated directly with goat antirabbit Texas red conjugated antibodies.
The rationale for choosing HeLa and 143 cell lines was that: (1) the human novH gene was originally cloned from a HeLa cDNA library, 4 and (2) we have obtained evidence suggesting that NOV is involved in bone formation (M Laurent et al, unpublished, 1999) .
Nuclei from both 143 ( fig 1A) and HeLa ( fig  1B) cells showed a strong positive response to 
dilution). In (C) the nuclear fractions from HeLa cells were incuabted with rabbit GST-CtNOV specific antibodies (1/250 dilution) (N) or rabbit GST-CtNOV specific antibodies preincubated for one hour at 25°C in the presence of 30 µg of recombinant GST-CtNOV protein (corresponding to about 3 µg of NOV specific peptide) (N*). Molecular weight markers were from the low molecular weight Pharmacia calibration kit (phosphorylase b, 94 kDa; bovine serum albumin, 67 kDa; ovalbumin, 43 kDa; carbonic anhydrase, 30 kDa; soybean trypsin inhibitor, 20 kDa).
K19 anti-NOV antibody. In these cells, the nuclear NOV protein appeared to be localised to the nucleolus and nucleoplasmic discrete dense bodies, and the staining pattern was reminiscent of that seen for several transcriptional transactivators and splicing factors. Weak staining was also seen at the periphery of the nucleus and in the cytoplasm of these cells. Because nov mRNA expression was shown to be stimulated upon growth arrest, 6 both HeLa and 143 cells were grown until they had reached confluence. They were then collected and nuclear and cytoplasmic fractions were prepared. Protein samples (250 µg each of nuclear and cytoplasmic proteins) were separated by three hour electrophoresis at 62 mA (160 V) in 12% polyacrylamide gels. To perform western blot analysis, the separated proteins were electrically transferred on to nitrocellulose (50 mA (9 V) for 9.5 hours), and the resulting blot was treated for NOV immunodetection with aYnity purified K19 antibody and anti-GST-CtNOV antibody.
A 31/32 kDa NOV related polypeptide doublet gave rise to a strong positive signal in both 143 and HeLa nuclear extracts when both the K19 (fig 2A) and anti-GST-Ct NOV were used ( fig 2B) . This band was totally absent when the samples were preincubated with recombinant GST-CtNOV protein, as a result of competition ( fig 2C) . A NOV protein of a similar size has also been detected: (1) in total cell extracts of diVerent origins, (2) in conditioned culture medium from normal and tumour cells, and (3) a 25 kDa NOV protein has been found in the culture medium of SF9 cells infected with a nov expressing recombinant baculovirus (our unpublished results, 1998). 15 The presence of two potential sites of N-glycosylation at positions 97 (NQTG) and 280 (NCTS) in the NOV protein was previously proposed to account for the detection of a 43/46 kDa NOV doublet in Madin Darby canine kidney transfected cells. 15 The detection of a 31/32 kDa doublet in the nuclear fractions suggests that the C-terminal fragment of NOV might be glycosylated in these cells.
Based on the fact that the nov recombinant baculovirus expresses a full length nov mRNA and on the lack of evidence for novH alternative splicing, the 31/32 kDa protein is likely to originate from post-translational processing of the 46/48 kDa NOV protein.
Because the full length NOV protein is secreted, 15 nuclear localisation of the 31/ 32 kDa protein might require the 48 kDa isoform to be processed outside of the cell or at the cell membrane.
THE NOV PROTEIN INTERACTS WITH THE rpb7 SUBUNIT OF RNA POLYMERASE IN A YEAST TWO HYBRID SYSTEM
When the two hybrid system described above was first used to screen a normal human brain cDNA library and an EBV transformed human peripheral blood lymphocyte cDNA library with Y190 yeast cells, 91 and 58 histine positive colonies were obtained, respectively. Among them, seven clones from the lymphocyte library and one clone from the brain library that expressed high levels of -galactosidase activity were used for E coli transformation and sequencing. The third screening was performed with a HeLa cell library and both the HF7c and Y190 yeast strains. A total of 220 (H1-H220) and 105 (Y1-Y105) histidine positive colonies were picked from Y190 and HF7c transformations, respectively. Among these, 75 and 37 colonies that were highly positive for -galactosidase activity were selected for E coli transformation and sequencing.
The sequence of the 3' end of the inserts (at the 5' boundary of the Gal4 DNA domain fusion) was established for several clones (B Perbal et al, unpublished, 1998) . We found that the nucleotide sequence of clone 12 isolated from the lymphocyte library and the nucleotide sequences of clones H30, H34, H35, and Y1 obtained from the HeLa library (fig 3) matched completely the published sequence of the human RNA polymerase II subunit (rpb7). Clones 12, H30, H34, H35, and Y1 were 100% identical to the rpb7 sequence over 450, 415, 206, 336, and 618 nucleotides, respectively. It has been established previously that the rpb7 subunit alone did not give rise to false positives under the conditions used (M Werner, personal comunication, 1998).
Because these results have been obtained in three independent screenings, they strongly suggest the interesting possibility that a nuclear form of the NOV protein might interact with RNA polymerase II in higher eukaryotic cells and that the 31/32 kDa nuclear form of the NOV protein might be responsible for this interaction.
Discussion
There is a growing body of evidence suggesting that under normal conditions, the NOV protein is involved in the diVerentiation of several cell types, namely: (1) in the human kidney, the NOV protein is increasingly detected in tubules as they diVerentiate and is found to accumulate in podocytes during glomerular diVerentiation 15 ; (2) nov expression itself has been shown to be closely associated with chicken chondrocyte diVerentiation, both ex vivo and in vivo (M Laurent et al, unpublished, 1998); (3) during human central nervous system development, the expression of novH increases with terminal diVerentiation of somatomotor neurons. 5 Based on structural considerations, we and others have hypothesised that the biological role of NOV and related proteins (CTGF and CYR61) results from their secretion and ability to interact with either IGF, nuclear matrix components, or growth factor receptors. The detection of NOV isoforms in the nucleus of HeLa and 143 human cells opens interesting prospects as to the role of NOV in the regulation of diVerentiation.
Nuclear localisation of growth factors and peptide hormones once thought to act only outside of cells has been reported in an increasing number of cases over the past two decades, 19 suggesting that these factors may act through direct interactions in the nuclei of target cells in addition to their participation in conventional signal transduction pathways. Among these, fibroblast growth factors (FGFs), IGF-I and IGFBP3 are of particular interest with respect to NOV.
Depending on cell type and context, FGFs were shown to stimulate either proliferation, diVerentiation, cell motility, or cell survival via their interactions with a series of high aYnity cell surface receptors triggering signal transduction cascades leading to the regulation of gene expression in target cells. Apart from this paracrine eVect, FGFs have been thought to act via intracrine eVects after translocation to the cell nucleus. 20 21 For FGF3, it has recently been proposed that import into the nucleus versus the endoplasmic reticulum may depend upon the site of initiation of translation, and the presence of a bipartite nuclear signal and two C-proximal motifs implicated in cellular targeting. 20 Although the NOV protein does not contain a conventional nuclear localisation signal, its nucleolar detection is reminiscent of a situation reported previously for FGF3. Sequence analysis (M Laurent and R Sainson, personal communication, 1998) revealed that NOV contains a basic KKGKKCLRTKKS motif, which might correspond to the FGF C-terminal motif 4, likely to play a crucial role in nuclear localisation.
Insulin binds to cell surface tyrosine kinase receptors to induce signal transduction. Recent experiments have established that although insulin does not contain a nuclear localisation signal, it can also be found in the cytoplasm and nucleus of cells, 19 and have also suggested that this hormone peptide might be internalised via invaginations of the plasma membrane known as caveolae. Immunogold detection of NOV in cytoplasmic vesicles of as yet unkown origin (our unpublished observations, 1998) would be in agreement with NOV being internalised via a similar mechanism. Along this line, it will be interesting to establish whether nuclear translocation of the N-truncated NOV isoform requires interaction with a nuclear localisation signal containing or nuclear localisation signal deprived receptor or chaperone.
IGFBP3, which contains a putative nuclear localisation signal, is also internalised and accumulates in the endosomal compartment in resting cells, whereas it is targeted to the nuclear compartment when cells proliferate. 19 This suggests that nuclear localisation of such signalling proteins might be dependent upon the diVerentiation state of the target cells. Because IGFBPs and NOV share several structural traits, including a putative IGF binding signal and a striking conservation of cysteins at their N-terminus, we proposed that they might also act along the same biological regulatory pathway(s). 3 However, their functions in the nuclear compartment are likely to be very diVerent because a full length IGFBP3 protein 22 and a truncated NOV protein are translocated to the nucleus. Because the nuclear 31/32 kDa NOV protein was detected with the C-terminus specific K19 antibody, it is probably an N-truncated isoform. Because the antibodies used cannot detect the N-proximal portion of NOVH, it will be interesting to establish whether the 15 kDa part of NOVH which is highly similar to the N-terminus of IGFBP3 is also present in the nucleus.
It is also of interest that IGFBP5 shows nuclear localisation 23 : the extracellular binding protein is taken up and translocated to the nucleus, probably through a common receptor with IGFBP3.
Nuclear localisation of most secretory regulatory proteins appears to require prior externalisation. A truncated NOV related protein with a 31/32 kDa apparent molecular weight was also detected in conditioned medium of various cell lines. A 25 kDa NOVH protein is also present in culture medium from baculovirus infected cells. This suggests that proteolytic cleavage of NOV occurring at about 135 residues from the N-terminus is responsible for generating this shorter NOV protein. Proteolytic cleavage has also been shown to occur in IGFBP3 and to give rise to an N-truncated protein. 24 It would be interesting to determine whether proteolytic cleavage of NOV is involved in or required for nuclear localisation of a truncated isoform. The observation that accumulation of the 31/32 kDa isoform does not occur when secretion of the 48 kDa NOV is impaired (our unpublished observations, 1998) would favour such a possibility.
It is likely that a 32 kDa truncated NOV protein was expressed in one MAV induced nephroblastoma. Molecular cloning of the corresponding cDNA in recombinant retroviral vectors enabled us to establish that the N-truncated NOV protein was oncogenic, whereas the presence of full length NOV correlated with cell growth arrest. 1 Because expression of the nov gene is correlated strongly with the control of cell diVerentiation, overproduction of a truncated NOV might increase the amount of nuclear NOV and result in cell growth deregulation.
Although the biological importance of NOV nuclear targeting remains unclear, we would expect that the 31/32 kDa NOV isoform interferes directly or indirectly with gene expression during normal development. Our finding that NOV probably interacts with the rpb7 subunit of RNA polymerase II in a yeast two hybrid system would be in agreement with the hypothesis put forward previously regarding the possible role of nuclearised hormones and growth factors in the regulation of transcription, translational control, and mRNA transport. 19 Experiments currently in progress should establish whether an N-truncated NOV protein interacts with rpb7 in the nucleus of higher eukaryotic cells and whether this interaction results in modulation of RNA polymerase II transcriptional activity.
Because the amount of nuclear NOV protein was found to vary greatly (from nil to high concentrations) among various cell lines (our unpublished observations and PN Schofield, personal communication, 1998), the nuclear localisation of NOV might be related to proliferative status and stage of the cell cycle.
Because NOV is a member of an emerging family of cell growth regulators, including CTGF and CYR61, it could be assumed that nuclear isoforms of these proteins might also be targeted to the nucleus and play a dual paracrine and intracrine biological role. 
